ABSTRACT. The nutritional value and the performance of piglets fed on diets with semipurified glycerin (SPGV) and mixed (SPGM) vegetable oil was determined and evaluated. Thirty-two crossbred piglets, allotted in a completely randomized block design, were used in the digestibility trial. Two types of glycerin (SPGV and SPGM) and three levels of diet (4, 8 and 12%) were studied. The experimental unit consisted of one piglet. Glycerins' metabolizable energy (ME) was estimated by regression of ME (kcal kg -1 ) intake associated with glycerin vs. glycerin intake (kg). ME as-feed-basis rates were 3,373 for SPGV and 2,932 for SPGM, or rather, the glycerins are highly available energy source for piglets. In the performance trial, 90 piglets were allotted in a completely randomized blocks design in a 2 x 4 + 1 factorial scheme, two glycerins, four levels (3, 6, 9 and 12%), five replicates (pens) and two piglets per pen. A control diet with no glycerin (0%) was additionally formulated. Since no effect of glycerin inclusion on pig performance occurred, it was feasible to use up to 12% of both types of glycerin on piglets feeding.
Introduction
The price of oil and the discussions on pollution generated by its use have boosted interest in alternative but renewable energy sources. This is the case of biodiesel, a biofuel produced from vegetable oils or animal fats. Brazil is among the greatest producers and consumers of biodiesel in the world. Glycerin, the main byproduct of biodiesel production, may be marketed in crude (with high contents of fatty acids) or in semipurified (with low contents of fatty acids) form (CARVALHO et al., 2012) .
Since the energy value of glycerin may be similar to corn (GROESBECK et al., 2008) , it may replace corn in rations as energy source for animal feed. The use of glycerin from different raw materials in feed for pigs has been analyzed to evaluate its effects on pigs' performance, carcass yield and meat quality.
Semipurified glycerin contains water, residues of fatty acids and methane as well as varying levels of sodium chloride (NaCl). It may be used in animal nutrition since it is an alternative source of energy in diet formulation for pigs at all production stages.
Current study was conducted to determine the nutritional value of vegetal semipurified and mixed glycerin, to evaluate the effects of its inclusion in practical diets on the performance of starter pigs (15-30 kg) and to study the economic feasibility in its use. 
Material and methods
The experiments were carried out at the Pig Barn on the Experimental Farm of the Estadual University of Maringá (CCA/UEM), in Iguatemi, Paraná State, Brazil.
Two semipurified glycerins were studied: SPGVvegetable oil (soybean), and SPGM -mixed, made from 80% animal fat + 20% soybean oil. Both were obtained from Biopar biofuel industry, Rolândia, Paraná State, Brazil.
Density, moisture content (Karl Fisher) and total glycerol analysis (Table 1) were carried out at the Paraná Technology Institute (TECPAR). Further, pH, protein, mineral and gross energy (adiabatic calorimeter -AC720 Parr Instrument Co.) rates (Table 1) were evaluated by the Laboratório de Nutrição Animal (LANA -UEM), following procedures by Silva and Queiroz (2002) . The concentration of sodium chloride was determined at the Biopar Analyses Control Laboratory. The non-glycerin organic matter was calculated by equation provided by Hansen et al. (2009) in which MONG = 100 -[glycerin content (%) + water content (%) + ash content (%)]. Two experiments were conducted: a digestibility (Experiment I) and a performance assay (Experiment II). In experiment I, thirty-two commercial crossbred barrows with 19.20 ± 1.52 kg initial body weight were used. The animals were housed individually in metabolism cages, similar to those described by Pekas (1968) , in a room with controlled temperature.
Average room temperatures featured minimum temperature 20.5 ± 0.86°C and maximum temperature 23.4 ± 1.00°C. Minimum and maximum average relative air humidity was respectively 39.3 ± 14.26% and 61.4 ± 14.03%.
Control diet comprised corn (70.42%), soybean meal (26.40%), salt (0.50%), limestone (0.60%), dicalcium phosphate (1.58%) and mineral vitamin supplement (0.50%), calculated according to the requirements indicated by Rostagno et al. (2005) .
Four experimental units were used per treatment. The replacement levels of basal diet for glycerin were 4, 8 and 12%, resulting in six diets. The provision of diets and feces-urine collection were performed according to procedures by Sakomura and Rostagno (2007) . During the collection period the supply of food was based on metabolic weight (w 0.75 ) of each piglet and the average consumption recorded during the adaptation period. Feeding schedule was performed at 8 and 15h. Both meals were divided into two percentages: 55% in the morning and 45% in the afternoon (ratio was based on the intake between morning and afternoon during the adjustment period).
Dry matter (DMD), organic matter (OMD), gross energy (GED) digestibility and gross energy metabolization coefficient (GEMC) and SPGV and SPGM were calculated according to Matterson et al. (1965) . Rates for digestible (DE) and metabolizable (ME) energy were estimated by linear regression analysis (ADEOLA; ILELEJI, 2009) of DE and ME intake (kcal kg -1 ), associated with glycerin vs. glycerin intake (kg).
Experiment II was conducted between November 2009 and January 2010. The average minimum and maximum temperatures during the experimental period were respectively 24.10 ± 2.45ºC and 32.71 ± 2.87°C.
In Experiment II, 90 commercial crossbred piglets (45 castrated males and 45 females), initial weight 15.27 ± 0.99 and final weight 29.82 ± 3.02 kg, were used.
The animals were allotted in a completely randomized block design with repetitions in time, in a factorial 2 x 4 + 1, two types of semipurified glycerin (SPGV and SPGM) and four levels of inclusion (3, 6, 9, and 12 %), with five repetitions and two piglets per experimental unit. Additionally, a control diet was formulated without glycerin (0%), used for statistical analysis of glycerin SPGV and SPGM.
The experimental diet (Table 2) , comprising corn and soybean meal, was formulated according to Rostagno et al. (2005) Crude protein, phosphorus, calcium and gross energy rates were determined for corn and soybean meal. ME rates were then obtained by metabolization coefficient, following Rostagno et al. (2005) .
Animals were weighed at the beginning and end of the experimental period and the total feed intake was computed. Daily feed intake (DFI), daily weight gain (DWG) and feed conversion (FC) of each experimental unit were thus calculated.
So that the economic feasibility for SPGV and SPGM inclusion in the feeding of piglets could be evaluated, prices of raw materials in the market were retrieved and feed costs per kilogram of body weight gain were calculated, according to Bellaver et al. (1985) : Yi (R$ kg -1 ) = Qi X Pi/Gi, where: Yi = feed cost per kg of body weight gain in the i-nth treatment ; Qi = amount of feed consumed in the inth treatment; Pi = price per kg of feed used in the i-nth treatment; Gi = weight gain in the i-nth treatment.
Index of Economic Efficiency (IEE) and Cost Index (CI) were also calculated: IEE (%) = MCe/CTei x 100 and IC (%) = CTei/MCe x 100, where MCe = lower feed cost per kg gain reported between the treatments, Ctei = cost of i treatment considered.
Analysis of variance was applied to results of the different variables, according to the following statistical model: Y ijk = μ + B i + N j + F k + NF jk + e ijkl , where Y ijk = observation of animal l, within the block i, inclusion level j and type of semipurified glycerin k; μ = constant associated to all observations; B i = block effect, being i = 1, 2, 3, 4 and 5; N j = effect of semipurified levels of glycerin, in which j = 0, 3, 6, 9 and 12%; F k = effect of semipurified glycerin type, in which k = SPGV and SPGM; NF jk = interaction effect of inclusion level j and type of semipurified glycerin k and e ijkl = random error associated with observation.
Dunnett test was applied to compare the results of control diet with each inclusion level of SPGV and SPGM (SAMPAIO, 1998) . Statistical analyzes were performed with the system of statistical and gene analysis (SAEG, 1997) developed by the Federal University of Viçosa, Minas Gerais State, Brazil.
Results and discussion
Rates for physical, chemical and energy composition and for SPGV and SPGM glycerin (Table 1) were lower than those by Berenchtein et al. (2010) for glycerol (80%) and ash (10%) contents in semipurified glycerin. Since mixed semipurified glycerin used in current study had high water contents, this factor provided lower energy content when compared to semipurified vegetable glycerin.
Rates showed that the type of semipurified glycerin available on the market had variations in its chemical composition. did not show great variations. Hansen et al. (2009) noted that the use of glycerin may be influenced by the level and type of glycerin used in diets. In fact, it must be taken into account when formulating the diet with regard to the amount of minerals and the variation of parameters, such as pH and MONG. The digestibility coefficients (DM, OM, EE and EB), metabolizable energy and digestible nutrients (Table 3 ) of semipurified glycerin demonstrated that both are good energy sources to feed pigs at initial phase. ) associated with the use of glycerin vs semipurified glycerin (kg) (Figure 1) showed that SPGV and SPGM had ME equivalent to 3,373 and 2,932 Kcal kg Intake of glycerin (kg) during 5 days Figure 1 . Equations of ME of two types of semipurified glycerin, obtained from intake of ME (kcal kg -1 ), associated to glycerin vs. glycerin intake (kg), for 24 starting pigs, during five days.
Total fatty acids levels in SPGV were higher than those in SPGM, which provided higher energy value than SPGV (3,373 kcal ME kg -1 ), or rather, 15% above SPGM (2,932 kcal ME kg -1 ). The ratio MS: ED for both glycerin (SPGV and SPGM) was similar to that obtained by Lammers et al. (2008b) for crude glycerin (92%).
With regard to performance, there was no interaction (p > 0.05) between inclusion levels and types of semipurified glycerin (SPGV and SPGM) for any variable studied (Table 4) .
Regression analysis did not indicate any effect (p > 0.05) of inclusion level of semipurified glycerin DFI for variables DWG and FC. Likewise, Dunnett test showed no difference (p > 0.05) between inclusion levels of glycerin and control diet (0% glycerol). The above suggested that the nutritional values used in the glycerin were real, since diets were isonutritional and glycerin did not have any detrimental components for pig performance.
According to Lammers et al. (2008a) , the inclusion of up to 10% did not affect the performance (DFI, DWG and FC) of pigs (between 7.9 and 133 kg). Likewise, previous studies, which evaluated the addition of glycerin in diets based on barley and soybean meal (KIJORA et al. 1995; KIJORA; KUPSCH, 1996) and wheat bran and soybean (MOUROT et al., 1994) , did not show any effect on the performance of growing pigs.
Results of economic analysis (Table 5) showed that in the case of SPGV and SPGM there was no change (p > 0.05) on feed costs per kilogram of body weight gain (FC) for pigs in the initial phase, albeit with increasing inclusion levels of glycerin.
Dunnett test indicated that there was no difference (p > 0.05) between SPGV and SPGM levels (3, 6, 9 and 12%) when compared to those of control diet (0%). Results indicated that, as a rule, the use of up to 12% in SPGV and SPGM in isoenergetic diets did not interfere in the costs of feeding pigs (15-30 kg) when compared to the diet without glycerol (0%). 
Conclusion
Semipurified vegetable and mixed glycerin are good metabolizable energy sources (3,373 and 2,932 kcal kg -1 , respectively) for piglets. Results suggest that, in the case of diets for starter pigs, up to 12% of semipurified vegetal and mixed glycerin may be used without any impairment of performance. However, the economic feasibility of their use will depend on the price relation between ingredients, especially corn and soy oil (or other energy source).
